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(57) Abstract 

Yeasts are disclosed which incorporate a DNA sequence which is such that, when sequence is expressed in the yeast, the 
yeast does not require osmotic buffering for growth. When the expression product of the DNA sequence is no longer available 
within the yeast, the latter will lyse. The sequence may be incorporated in the chromosomal DNA of the yeast host or on a plas- 
mid incorporated in the yeast. Also disclosed is a disruptant mutant wherein in the mutant the coding sequence of the gene which 
confers osmotic stability is interrupted whereby the mutant may be grown in a non-osmotically buffered medium but becomes os- 
motically sensitive upon transfer to an osmotically buffered medium. 
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SRB1 ENCODING GENE AND YEASTS TRANSFORMED WITH THIS GENE 
The present invention relates to yeasts. 

The yeast Saccharomyces cerevisiae is the best characterised 
eukaryote in terms of its genetics and molecular biology and is a very 
useful vehicle organism for gene cloning studies(l). One particularly 
useful property of this organism is its ability to form large multi- 
subunit protein complexes. This ability has been exploited in the 
production of vaccines such as that for Hepatitis B where the subunit 
protein, synthesised in yeast, assembles into a large particle 
reminiscent of that found in the natural host of the virus(2). This 
results in the presentation of the viral antigen in an authentic and 
highly immunogenic form. S. cerevisiae contains a transposon (called 
Ty) which has a number of features in common with mammalian 
retroviruses(3), and which produces a virus-like particle which is 
retained within the host yeast cell(4). It has been suggested(5) that 
Ty particles might be useful carriers for a number of viral antigens 
including that of the AIDS virus (HIV). It may well be that antigens 
presented in this way will prove to be highly effective vaccines. For 
these applications it is obviously impossible to excrete a large 
particle from the. cell and therefore the particles must be recovered 
from harvested yeast. 

The first step in the recovery of a protein or particulate 
product retained, within the cell must be cell breakage. Yeast has a 
particularly tough cell wall and its breakage by mechanical means 
(sonication or pressure changes) requires considerable power inputs. 
An alternative approach' is to digest the wall with lytic enzymes, but 
this adds to the cost of the process and can result in damage to the 
product by contaminating proteases. What is required is a yeast cell 
which will spontaneously lyse to release the product. 

A number of lysis mutants has been isolated but little is known 
about how the genes defined by these mutations determine the ability 
of the yeast cell wall and/or membrane to withstand such stresses as 
elevated temperature and osmotic shock. 

Temperature-sensitive cly mutants which lyse after prolonged 
incubation at the restrictive temperature of 36°C were isolated by 
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Hartwell (6, 7), but nothing is known about their mechanism of lysis. 
Mutants lacking most of the outer chain of the N-linked mannoprotems 
of the cell wall have been reported (8). These mnn9 mutants exhibit 
a physically distorted cell wall, grow slowly, and gradually lyse during 
their growth. A third class of yeast cell lysis mutants is defined- by 
the fragile mutant isolated by Venkov et 1(9). Cells of this mutant 
grow normally in media containing osmotic stabilisers (10% sorbitol or 
mannitol; 1.6% NaCl) but lyse spontaneously on transfer to a hypotonic 
solution. The efficiency of lysis is directly proportional to the 
change in osmotic pressure between the growth and lysis media, i.e. 
the greater the concentration of osmoticum in the growth medium the 
greater the degree of lysis on transfer of the cells to aqueous media 

(10) ' The original fragile mutant, VY1160 (9) carried at least three 
mutations one of which determines lysis ability and the other two, 
temperature-sensitivity(ll). The mutation determining osmotic fragility 
and lysis ability has been outcrossed; it defines a single chromosomal 
gene in which the fragile, mutant, allele (srbl-L) is recessive to the 
non-fragile, wild-type, allele (SRB1) (11). Moreover the phenotypic 
effect of the srbl^ mutation is suppressed by strains carrying ochre- 
suppressing tRNAs . and thus must represent a chain-terminating 
mutation within a protein-encoding gene. 

Saccharomvces cerevisiae (our strain designation 7SLU) carrying 
the srbl-1 mutation has been deposited in the National Collection of 
Yeast Cultures (Colney Lane, Norwich, Great Britain) under Accession 
No. 2344 and has the characteristic of requiring osmotic buffering (eg. 
10% w/v sorbitol) for growth but of lysing on subsequent transfer to 
hypotonic medium. The deposit was made on 13th July 1990 under the 
provisions of the Budapest Treaty on the International Recognition of 
the deposit of microorganisms for the purpose of patent procedure. 

For convenience in the following description, reference will be 
made to the term "srbl mutation" which is intended to be generic to 
the srbl-1 mutation itself as well as mutations, variations, and 
derivatives at the SRB1 locus which have the same or similar 
phenotypic effects. The designation srbl^l is intended specifically to 
refer to the mutant allele isolated by Venkov (9). 

The present invention has been based on the cloning of the SRB1 
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gene with the object of providing DNA sequences which complement the 
srbl mutation in a yeast host. 

Therefore, according to a first aspect of the present invention 
there is provided an isolated DNA sequence which complements the 
srbl mutation of a yeast host such that when this DNA sequence is 
used to transform the host and is expressed therein the host does not 
require osmotic buffering for growth. For convenience the DNA 
sequence of the second aspect of the invention is referred to herein 
as the "complementing sequence". 

One complementing sequence in accordance with the first aspect 
of the invention is the DNA insert (which we designate as SRB1 ) in the 
YEpl3 plasmid ( LEU2 2u origin, pBR 322, 4.8Kb insert containing SRB1 ) 
deposited in the National Collection of Yeast Cultures (Colney Lane, 
Norwich, Great Britain) under Accession No. 2343. The. deposit was 
made on under the provisions of the Budapest Treaty on the 
Internationl Recognition of the deposit of microorganisms for the 
purpose of patent procedure. This sequence provides a second aspect 
of the present invention, as do fragments (particularly the Bam HI 
fragment) and allelic variations of this sequence which are capable of 
complementing the srbl mutation. 

A particular yeast host which may be transformed by the 
complementing sequence of the second or third aspect of the invention 
is Saccharomyces cerevisiae 7SLU. 

Whilst we do not wish to be bound by any particular theory, we 
believe that the . complementing sequences of the first and second 
aspects of the invention (when used to transform a host carrying the 
srbl mutation (eg. Saccharomyces cerevisiae 7SLU) expresses a protein 
which is effective to prevent lysis of the cells upon osmotic shock. 
Mutants which do not carry a functional Srbl protein will lyse upon 
transfer from an osmotically buffered medium to a hypotonic 
environment (ie. osmotic shock). The dependence on the presence of an 
osmotic buffer for growth displayed by strains carrying the srbl-1 
mutant allele is probably the result of the production of a fragment 
of the Srbl protein. 

The provision of these complementing sequences therefore 
renders possible the transformation of yeast strains carrying this 
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mutation such that the transformant does not require osmotic 
buffering for growth (during which a useful internalised product may 
be produced) but nevertheless the cells may lyse to release the 
internalised product when a certain condition is satisfied. 

Therefore, according to a third aspect of the present invention 
there is provided a yeast carrying the srbl mutation which has been 
transformed so as to include a copy of the DNA sequence of the 
second (or third) aspect of the invention which is capable of being 
expressed within the cells such that the cells are capable of growth 
in a medium' which is not osmotically . buf f ered, and said cells lysing 
when the expressed product of the DNA sequence is no longer 
available within the cell. 

Such a transformed yeast host has utility for the production of 
a desired product which is not excreted from the yeast cells. In this 
case, the gene for producing the desired product is incorporated in 
the host, and the host cultivated by standard techniques. Upon lysis 
of the yeast, the desired product is released for subsequent 
collection/isolation. 

In accordance with the third aspect of the present invention, the 
DNA sequence which complements the srbl mutation may be provided 
in the yeast chromosome. In this case, various mechanisms are 
available for ensuring that the expressed product is no longer 
available within the cells, and specific examples are detailed more 
fully below. 

As an alternative to incorporation of the complementing 
sequence in the chromosomal DNA of the yeast strain, the 
complementing sequence may be provided in a cloning vector 
(particularly a plasmid) which may be used to transform the yeast. 

Therefore, according to a fourth aspect of the present invention 
there is provided a cloning vector comprising a complementing 
sequence in accordance with the first or second aspect of the 
invention under the control of its own or another promoter inserted 
in a plasmid which replicates within a yeast carrying the srbl 
mutation. In this embodiment, the expression product preventing lysis 
is produced within the cell only so long as the cell incorporates 
plasmid(s) including the complementing sequence. Loss of all of these 
plasmids from the cell will result in lysis thereof. 
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As thus far described, the invention has related particularly to 
lysis of yeast cells carrying the srbl mutation. 

A fifth aspect of the present invention relates to a further 
development in relation to the lysis of yeasts and according to this 
fifth aspect there is provided a genetically engineered disruptant 
mutant of a yeast strain wherein in the mutant the coding sequence 
of the gene which confers osmotic stability (ie. a DNA sequence 
corresponding to that of the first or second aspect of the invention) 
is interrupted whereby the mutant may be . grown in non-osmotically 
buffered medium but becomes osmotically sensitive upon transfer to 
an osmotically buffered medium. 

This fifth aspect of the invention has resulted from our studies 
of the SRB1 gene which will be described with specifric* reference to 
Saccharomyces Cerevisiae YPH274, although is applicable to other wild 
type yeasts. 

Saccharomyces cerevisiae YPH274 (16) is a diploid strain which 
carries two wild type copies of the SRB1 gene one on each of a pair 
of homologous chromosomes and is therefore osmotically independent. 
It would therefore be assumed that disruption of the coding sequence 
of this gene would result in a mutant strain having a similar 
phenotype to that conferred by srbl-1 . We have however established 
that this is not the case and that a distinct phenotype is produced. 
More particularly, the phenotype of the disruptant mutant permits its 
growth in a medium which does not contain an osmotic buffer but 
allows lysis abiiity to be induced on transfer to an osmotically 
buffered medium, the cells being caused to lyse when re-transferred 
to a non-osmotically buffered medium. 

An example of the way in which such a disruptant mutant may 
be produced is described below. 

The invention will be further described by way of example only 
with reference to the accompanying drawings, in which: 

Fig. 1 is a restriction map of the original cloned fragment which 

complements srbl-1 and which contains the SRB1 gene; 

Fig. 2 is a restriction map of a YEpSSl plasmid; 

Figs. 3 and 4 are graphs illustrating loss of plasmids from yeast; 
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Fig. 5 illustrates the manner in which a plasmid vector may be 
constructed for producing a disruptant mutant in accordance 
with the fifth aspect of the invention; 
Fig. 6 illustrates production of the disruptant mutant. 

Referring firstly to Fig. 1, there is shown therein a restriction 
m a P of a DNA fragment containing the SRB1 gene which is capable of 
complementing the srblzl mutation: The DNA fragment is incorporated 
in the YE P 13::SRB1 plasmid is deposited under Accession No 2343 as 
identified above. In fig. 1 the thin lines represent the plasmid vector 
DNA The darker lines represent genomic DNA. Restriction sites: 
RI-EcoRI: RV-EcoRV; B-BamHI; Bg-BglII; P-Pstj; S-Sall; H-HindHI; Hl- 
Hpal The procedure by which we have cloned the SRB1 gene is 
outlined in Appendix A which- also gives further characterising 
information relating to the gene. 

In one embodiment of the invention the cloned segment of yeast 
genomic DNA containing the SRB1 gene (or the BamHI fragment thereof) 
is integrated into the chromosomal DNA of a srbl^l Saccharomyces 
cerevisiae such as 7SLU and placed under the control of a regulatable 
yeast promoter such as that from the GAL1.10 gene (18). Alternatively 
a similar construct could be incorporated into a self-replicative 
plasmid. The SRB1 gene will thus be expressed when galactose is 
present in the growth medium, but not in its absence. The. 
Saccharomyces cerevisiae 7SLU may also be genetically engineered to 
incorporate a gene (which may be provided on a plasmid) which 
expresses a desired product which is retained within the host cell. 
This product may for example be a protein or a virus-like particle, eg. 
Human superoxide dismutase, Bovine chymosin, or Hepatitis B surface 
antigen. 

The transformed strain may then be grown in a medium 
(comprising for example 1% yeast extract, 2% peptone, and 2% galactose) 
without osmotic buffering which includes inter alia galactose. The 
presence of galactose in the medium ensures that the SRB1 gene is 
expressed so that the cells grow normally and there is no lysis. 
Throughout this growth period, the desired product is produced and 
remains within the cell. However, when galactose is exhausted, there 
is no expression of the SRB1 gene with the result that the product of 
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this expression is no longer present in the cells which therefore 
spontaneously lyse. The amount of galactose provided in the growth 
medium may be calculated such that it is growth-limiting and the cells 
will cease to grow and then lyse on exhaustion of galactose. Once 
cell lysis has taken place, the originally internalised desired product 
is released into the bulk medium and may be recovered by standard 
techniques. 

In a modification of the above procedure, the Saccharomyces 
cerevisiae 7SLU may incorporate a gene sequence (eg. a synthetic 
sequence) which may be transcribed, from a regulatable promoter, into 
an anti-sense RNA to the SRB1 gene or transcript. In this case, the 
cells may be grown in standard media and at some appropriate time 
during this growth the appropriate substrate is added to the growth 
medium to induce transcription of the anti-sense gene. As a result, 
expression of the SRB1 gene is switched off so that the expression 
product is no longer available within the cell which therefore lyses 
as previously. 

A further embodiment of the invention relates to a self -selecting 
plasmid system. -The stability of multicopy plasmids in cultures of 
genetically engineered microorganisms, including yeast, is a significant 
barrier to the efficient production of recombinant proteins (20, 21). 
A self-selecting plasmid system is one in which cells which have lost 
the plasmid cease to grow, even in poorly-defined media. In 
accordance with this embodiment of the invention, the DNA fragment 
containing the SRB1 gene may be inserted into a suitable replicative 
plasmid and will be expressed from either its own or some other 
promoter which is functional in yeast. This SRB1 containing vector 
may then be used to transform Saccharomyces cerevisiae 7SLU, 
although it should be noted that the vector molecule used should be 
one which is capable of replicating as multiple copies within the host 
cell since otherwise the SRB1 insert is not capable of complementing 
the srbl-1 mutation. The vector may also incorporate a gene which 
expresses a desired product, eg. a protein or a particle, which remains 
within the cell. 

The transformants containing multiple copies of the plasmid 
carrying the SRB1 gene are capable of growing in medium without an 
osmotic stabiliser so as to produce the internalised product. However 
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loss from the cell of the plasmids carrying the SRB1 gene (as will 
probably occur at some stage during growth of the cell) obviously 
means that this gene is no longer expressed within the cell which will 
therefore spontaneously lyse. 

This has the advantage that non-productive cells do not 
accumulate in the culture and their biomass will be made available to 
the growing, productive yeast cells which have retained the plasmid. 

To demonstrate the efficiency of this system, we have 
constructed a plasmid, YEpSSl (Fig.2). This plasmid contains the 5.0 
kb fragment bearing the yeast SRB1 gene cloned into the Hindlll/Sall 
sites of plasmid YEpSl which contains the yeast gene SOD1 encoding 
Mn-Superoxide dismutase (22); (23) as a model gene for a product of 
potential industrial importance. 

' The YEpSSl plasmid was then used to transform a wild-type SRB1 
host (strain DL'), as was the plasmid YEpSl. Batch culture experiments 
were then conducted using these transformed hosts in a medium which 
was not osmotically stabilised and the results are shown in Fig. 3 
which is a plot of the %ge of cells containing the plasmid vs No. of 
Generations of Growth. It will be seen that the YEpSSl was very 
unstable in the wild type ( SRB1 ) host, with the plasmid being 
completely lost from the population after about 42 generations of 
growth (cf results obtained for plasmid. YEpSl). 

The plasmid YEpSSl was then used to transform a host (SLU"15") 
bearing the srbl-1 mutation and batch culture experiments were 
conducted in which the host was grown in the presence of an osmotic 
stabiliser (10% sorbitol) and also in the absence of such a stabiliser. 
The results are shown in Table 1 below. It will be seen from the 
Table that for the transformed host grown in the presence of osmotic 
stabiliser the plasmid was completely lost from the population after 
45 generations of growth. In contrast, the YEpSSl plasmid was 
retained in almost 100% of the cells after 45 generations of growth in 
the absence of an osmotic stabiliser. 
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Table 1 





% Plasmid - free 


cells 




Generations 


YEpSSl 




SLU "15" 
(+10% sorb.) 




SLU 


"15" 


8 




61 






0 


16 




72 






0 


24 




84 






0 


30 




87 






0 


38 




95 






0 


46 




100 






0 



Continuous culture experiments were conducted to confirm the 
above results. In this case, the YEpSSl plasmid was used to transform 
yeast strain SLU"15" which was then grown under the stringent 
conditions of continuous culture. The results are shown in Fig.4. It 
will be seen that the YEpSSl plasmid .was lost from the culture after 
30 generations of growth in the presence of an osmotic stabiliser (10% 
sorbitol) but was maintained in nearly 100% of the srbl-1 cells after 
100 generations of growth in the absence of a stabiliser. 

The above results show that the plasmid carrying the SRB1 gene 
is stably maintained in the yeast host under conditions in which the 
host is grown without osmotic stabiliser and therefore is consequent 
selection against plasmid free cells. 

The foregoing description has concentrated on transformed 
yeasts in accordance with the third aspect of the invention and 
plasmid vectors in accordance with the fourth aspect. The subsequent 
description relates to a disruptant mutant in accordance with the fifth 
aspect of the invention. 

Fig. 5 illustrates the construction of a vector for forming the 
disruptant mutant. In Fig. 5, the "open" boxes represent vector 
sequences, horizontal bars represent SRB1 derived sequences, and 
vertical bars represent TRP1 sequences. Plasmid Lp2 (Fig. 5) was 
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constructed as follows: The plasmid pUCIS* was produced by 
eliminating the EcoRI site from the polylinker of P UC18(14). This 
plasmid was digested with Pstl and the cut ends dephosphorylated. 
The 1.5kb Pstl fragment of SRBl (see Fig. 1) was purified and ligated 
into the Pstl site of P UC18*. The Pstl fragment was chosen because 
it includes at least part of the coding sequence of the gene and 
contains an EcoRI site which is within the open reading frame. It also 
incorporates a Hpal site which may be used until homologous 
integration with a corresponding site, for homologous integration with 
the corresponding site in the SRBl gene (see infra). The resultant 
plasmid, Lpl. was digested with EcoRI, dephosphorylated and ligated 
to the 1.4kb EcoRI fragment of YR P 7(15) which contains the S, 
cerevisiae TRP1 gene. The plasmid thus obtained was designated Lp2; 
in it, the Pstl fragment of the SRBl gene is interrupted by the- 
insertion of the TRP1 gene. L P 2 was used to transform the diploid 
yeast strain YPH274(16), which has the following genotype: 

MATa ura3-52 Iy g2 z 801 (amber) ade2-101 (ochre) 
MATa uraizSl ly^SOl (amber) ade2 z 101 (ochre) 

trpl 1 his3- 200 feugj^l SRBl 
trpl 1 his3- 200 leu2- 1 SRBl ' 

L P 2 was linearised by digestion with Hpal (see Fig. 6) in order 
to target the integration event to sequences homologous to the SRBl 
clone. As a result, the linearised plasmid L P 2 was incorporated within 
the SRBl gene of YPH274, thus interrupting the coding region thereof. 
Trp + transformants were selected and one of these, 

YPH274-4 used for further analysis. YPH274-4 was sporulated and 40 
meiotic tetrads 'dissected, from which 15 complete tetrads were 
obtained. The TRP1 marker was found to segregate 2:2 and all haploid 
Trp + spore clones examined were found to be susceptible to osmotic 
shock, although none required an osmotic buffer for growth. Thus the 
transformant has the following genotypes; 

MATa ura3-52 lvs2-801 (amber) ade2-101 (ochre) 
• MAT a ura3-52 lvs2-8 01 (amber) ade2-101 (ochre) 
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trpl 1 his3- 200 leu2- 1 SRB1 

trpl 1 his3- 200 leu2- 1 srbl :: TRPl 

None of the Trp" segregants from the same tetrads was 
osmotically sensitive. A haploid containing the srbl :: TRPl disruption 
mutation was crossed with a srbl-1 strain of opposite mating type. 

The disruptant was found unable to complement the srbl-1 mutation 
and, moreover, haploid meiotic segregants obtained from this diploid 
are all sensitive to osmotic shock. These data confirm that the 
fragment cloned is identical to the SRB1 gene. Southern analysis with 
pulsed field gels(17), using the SRB1 clone as a probe, as well as 
appropriate control probes to identify genes of known location, has 
demonstrated that the SRB1 gene is located on chromosome XV. 

A haploid segregant described above in which the TRP1 gene is 
inserted into the chromosomal copy of SRB1, thus interrupting its 
coding sequence and preventing its functional expression, has a 
number of characteristics which may be exploited in industrial 
processes. The mutant is not dependent on the incorporation of an 
osmotic stabiliser into the medium in order to grow. Thus large-scale 
cultures of the mutant may be grown in media which are commonly 
used in industrial processes. Cells from such cultures may then be 
transferred into an high osmotic pressure medium where they will 
rapidly acquire the ability to lyse on subsequent transfer to hypotonic 
conditions. This regime should form the basis of efficient industrial 
processes for the production of yeast extracts for food or feed and 
also for the production and recovery of recombinant proteins. 

The srbl :: TRPl disruption mutant (or any srbl l mutant produced 
by recombinant DNA techniques and relying on the availability of the 
cloned SRB1 gene) may be used as a host for the stable maintenance 
of recombinant plasmids which bear the wild-type SRB1 gene. 

This is exemplified by the following data. An srbl::TRPl mutant 
strain designated 4d was transformed with the YEpSSl plasmid (see 
supra ) and was grown in YEPD medium with and without an osmotic 
stabiliser (10% sorbitol). Table 2 below shows the percentage of 
plasmid-free cells obtained after the indicated number of generations 
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of growth. It will be seem that 100% of the plasmids are retained in 
the cells after 48 generations of growth, both in the presence and 
absence of osmotic stabiliser. m 

For comparison, Table 2 also includes the data from Table 1 in 
relation to the SLU"15» strain (which loses 100% of plasmids after 48 
generations of growth) and data for the wild-type strain DL" grown in 
the absence of an osmotic stabiliser. As shown in Table 2, 100, of the 
■ DL" cells lose the plasmid after about 40 generations of growth in a 
non-osmotically buffered medium. • 

To ensure lysis of the srbl:TRPl mutant, it would be possible 
(for example) for the SRB1 gene in the plasmid incorporatd in the 
m utant to be under the control of a GAL promoter. Upon exhaustion 
of galactose from the cultivation medium and subsequent growth of the 
mutant in an osmotically buffered medium, the cells may be lysed by 
transfer to a hypotonic medium. 
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The srbl::TRPl disruption mutant (or related mutants, as described 
above may be used as a host strain which is very readily transformed with 
DNA Such a hypertransformable host will find application, for example, m 
the construction of gene banks from higher organisms. The disruption 
mu tant exhibits particularly efficient transformation with high molecular 
weight plasmid molecules and should prove useful for gene bank construction 
using high capacity cloning vectors such as YACs (24). The low efficiency 
of transformation with YAC clones containing large inserts leads to a high 
probability of the few competent host cells in the population receiving two 
or more recombinant YACs and of chimaeric molecules being formed by 
subsequent host-mediated recombination. This problem of chimaera formation 
is a major barrier to the exploitation of YAC clone banks (see Genome 
Analysis in the EC", Commission of the European Communities Di»cto«t. 
General for Science, Research and Development, 1991). The srbl::^ 
disruption mutant gives high frequency transformation of DNA into intact 
cells without the need to treat with alkali metal ions. 

This is exemplified by the data presented in Table 3 which shows the 
number of transformants per ug DNA. 
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The srbl :: TRPl disruption mutant (or related mutants as 
described above) may be us d as a test object in screening programmes 
for novel pharmaceutical agents for use in human or animal health or 
agricultural chemicals (e.g. herbicides and pesticides). Genetically 
engineered yeast strains have been shown to be favourable objects for 
such screens (25) but the cell wall presents a significant barrier to 
the entry of such agents into the yeast. The original srbl-1 mutant 
is significantly more sensitive to the action of antibiotics and 
bioactive peptides than wild-type cells (26), (27), (28) and we have 
demonstrated that the srbl:: TRPl disruptant also exhibits 
hypersensitivity to drugs (29). The disruption mutant is a much more 
favourable tool for such screening programmes than the original srbj^ 
1 mutant since it may be grown on the surface of agar plates in the 
absence of an osmotic stabiliser. 

The srbl ;: TRPl disruptant (or related mutants as described 
above) may be used as a host strain which permits the enhanced 
secretion of proteins encoded by either yeast genes or by heterologous 
genes introduced into the mutant using recombinant DNA techniques. 
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APPENDIX A 

A DNA fragment which complemented the srbl-1 mutation was 
isolated- from a YEpl3-based yeast genomic library (12). The yeast 
genomic library used for the cloning of the SRB1 gene is based on the 
vector YEpl3(12). It is a S. cerevisiae/E. coli shuttle vector; 10.8kb in 
size, which contains the LEU2 gene as a marker for selection and the 
2p DNA origin for replication in yeast; and pBR322 sequences for 
selection and replication in E. coli . 

The genomic bank was constructed by ligating Sau3A partially 
digested S. cerevisiae strain S288C genomic DNA (average size 5kb 
fragments) into the BamHl site of the YEpl3 vector. This ligation 
mixture was then transformed into E. coli RR1. The transformants 
were pooled together and used for the isolation of recombinant 
plasmid DNA. 

S. cerevisiae 1SL ( MATa srbl leu2 tsl ) was transformed with this 
pool of DNA and a transformant was isolated which was able to grow 
without sorbitol. This transformant was also tested for its lysis 
ability in comparison to the parental untransformed strain and was 
found incapable of lysis upon osmotic shock. 

Total yeast DNA was isolated from this putative SRBl-containing 
transformant and used to transform E. coli HB101. Several E. coli 
transformants were tested and found to contain a 15.5kb recombinant 
plasmid. This plasmid, designated YEpl3:: SRBl (as deposited under 
NYCC Accession No. 2343, was used to transform other srbl mutants 
and, in all cases, was able to complement both their growth 
dependence upon the addition of 10% sorbitol to the nutritional medium 
and their ability for spontaneous lysis upon osmotic shock. 

The YEpl3:SRBl clone contained a 4.8kb insert. This insert was 
subjected to restriction analysis and a physical map of the fragment 
is presented in Fig. 1. The following restriction enzymes were found 
to have no site in the SRB1 fragment: Xma l, Bel l, PvuII, BstEII, Nrul, 
Xba l, Xho l, Bgll, Clal, SacI, Kpn I. Sub-cloning experiments were 
carried out and it was demonstrated that is was not possible to 
complement the srbl-1 mutation with any fragment smaller than the 
4.0kb Bam HI fragment. Moreover, this fragment was only capable of 
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complementation when present on a vector molecule which replicates 
as multiple copies within the host yeast cell. A combination of 
restriction, Southern and Northern analyses permitted the following 
additional conclusions drawn about the SRB1 clone: . 

i) The EcoRI site (Fig. 1) is internal to the gene and this site may 
therefore be used for gene disruption studies. 

ii) The 1.5kb PstI fragment is" internal to the gene. 

iii) The gene encodes a 2.3kb polyadenylated mRNA species. 

The YEp13:: SRB1 clone and subclones constructed from it were 
tested for the ability to suppress well-characterised amber and ochre 
alleles in appropriate tester strains. The SRB1 clone was found to be 
unable to complement these suppressive alleles and, therefore, it is 
concluded, that the cloned fragment probably contains the gene of 
interest rather than a. suppressor gene. 
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CLAIMS 

1. An isolated DNA sequence which complements the srbl mutation 
of a yeast host carrying such a mutation such that when this DNA 
sequence is used to transform the host and is expressed therein the 
host does not require osmotic buffering for growth. 

2. A DNA sequence which is the DNA insert in the YEpl3 plasmid 
deposited under Accession No. NCYC 2343. 

3. A DNA sequence which is a fragment of the insert defined in. 
claim 2 and which complements the srbl mutation of a yeast host 
carrying such a mutation. 

4. A DNA sequence which is the Bam HI fragment of the DNA insert 
in the YEpl3 plasmid deposited under Accession No. NCYC 2343. 

5. A DNA sequence which is an allelic variation of a. sequence as 
defined in any one of claims 1 to 4. 

6. A cloning vector for transforming a yeast host carrying the srbl 
mutation, the vector comprising a DNA sequence as claimed in any one 
of claims 1 to 5 under the control of its own or another promoter 
inserted in a plasmid which replicates within the yeast host. 

7. A cloning vector as claimed in claim 6 wherein the plasmid is 
capable of replicating as multiple copies within the yeast host. 

8. A cloning vector as claimed in claim 6 or 7 further carrying a 
gene for expressing a desired product which is not excreted from the 
yeast cell. 

9. A transformed yeast host comprising the yeast carrying the srbl 
mutation which has been transformed with a DNA sequence as claimed 
in any one of claims 1 to 4 or a cloning vector as claimed in any one 
of claims 5 to 8. 

10. A transformed host as claimed in claim 9 wherein said DNA 
sequence is incorporated in the chromosomal DNA of the host. 

11. A transformed host as claimed in claim 9 wherein said DNA 
ewquence is carried on a plasmid. 

12. A transformed yeast host as claimed in any one of claims 9 to 
11 wherein the yeast carrying the srbl mutation is that deposited 
under Accession No. NCYC 2344. 

13. A method of obtaining . a desired product by cultivating a yeast, 
the product being one which is not excreted from the yeast, the 
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method comprising 

(i) providing a yeast host which carries the srbl mutation and 
which further incorporates a DNA sequence complementing the 
srbl mutation together with a gene for expressing the desired 
product, 

(ii) cultivating the yeast host in a non-osmotically buffered 
medium so as to express both the gene and the DNA sequence, 

(iii) allowing the cells to lyse when the expression product of 
said DNA sequence is no longer available therein, and 

(iv) recovering the desired product. 

14. A genetically engineered srbll mutant of a yeast strain. 
15 A genetically engineered disruptant mutant of a yeast strain 
wherein in the mutant the coding sequence of the gene which confers 
osmotic stability is interrupted whereby the mutant may be grown in 
a non-osmotically buffered medium but becomes osmotically sensitive 
upon transfer to an osmotically buffered medium. 

16. A disruptant mutant as claimed in claim 15 wherein the gene 
whereof the coding sequence is interrupted is the SRB1 gene. 

17. A mutant as claimed in claim 16 wherein the coding sequence of 
• the SRB1 gene is disrupted by homologous recombination into the 

chromosomal copy'of the gene by a cloned fragment of the SRB1 gene. 
18 A mutant as claimed in claim 17 wherein the integration is at the 
Hgal site of the gene by means of a gene fragment incorporating the 
corresponding Hpa l site. 

19. A mutant as claimed in claim 18 wherein the gene fragment is 
Pstl fragment. 

20. A mutant as claimed in claim 19 wherein the Pstl fragment is 
interrupted by a marker. 

21. A mutant as claimed in claim 20 wherein the marker is the TRP1 

gene. . 

22. A mutant as claimed in any. one of claims 12 to 19 which 

incorporates a plasmid carrying the SRB1 gene. 
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